In human basophils, Syk expression is 10-fold lower than most other types of leukocytes. There are indirect studies that suggest that Syk protein is highly unstable (a calculated half-life less than 15 min) in human peripheral blood basophils. Therefore, in these studies, Syk stability was directly examined. Purified basophils were metabolically labeled and a pulse-chase experimental design showed Syk protein to be stable in the time frame of 12 h (95% likelihood that half-life is more than 12 h). However, its synthetic rate was very slow (;10-fold slower) compared with CD34-derived basophils, which have been shown to express levels of Syk consistent with other mature circulating leukocytes. Syk mRNA expression was found to be 5-30-fold lower than other cell types (CD34-derived basophils, peripheral blood eosinophils, and plasmacytoid dendritic cells). Syk protein and mRNA levels, across cell types, were relatively concordant. Syk mRNA in basophils showed a half-life of 3.5 h, which was greater than that of interleukin-4 or Fc epsilon receptor I-a mRNA (;2 h), but somewhat shorter than Fc epsilon receptor I-b mRNA (8 h). A comparison of miR expression between CD34-derived and peripheral blood basophils demonstrated only 1 significant increase, in miR-150 (77-fold). Transfection in human embryonic kidney cells of a stabilized form of miR-150 showed that it modified expression of c-Myb mRNA but not of Syk mRNA or protein. These results suggest that low Syk expression in basophils results, not from protein instability and perhaps not from mRNA stability. Instead, the results point to the transcriptional nature of an important point of regulation.
Introduction
Allergic reactions are characterized by the IgE-dependent secretion of mediators from basophils and mast cells. Studies over the past 3 decades have demonstrated that the tissue allergic reaction is dependent on both basophils and mast cells [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Although an important component of the response during IgEmediated secretion is the density of cell surface antigen-specific IgE, several studies have demonstrated that there is also a regulation of the response that appears intrinsic to the signaling pathways for secretion [15] [16] [17] . For human basophils, the cellular responsiveness correlates best with the expression level of the tyrosine kinase Syk, although there are several other signaling molecules (e.g., SH2 domain-containing inositol 5-phosphatase-1) that may be modulators in specific basophil phenotypes [16] [17] [18] [19] . For basophils, Syk levels are tuned to only marginally support secretion, and a direct comparison with other leukocytes shows levels of 5-30-fold less Syk in basophils than observed for all other leukocytes except the ab T cell, which utilizes the other Syk family member, z-chainassociated protein kinase 70, rather than Syk [16, 20] .
This finely tuned expression of Syk in basophils [and to a lesser extent in human lung mast cells (21) ] suggests that there are unique mechanisms for its control. There is evidence from studies in patients treated with omalizumab that there may be 2 mechanisms operating to markedly suppress Syk expression in basophils [22, 23] . Treatment causes an increase in Syk expression that thus far is more unique among signaling elements measured, and the increase competes with the downregulation of cell surface IgE to alter the IgE-dependent functionality of these cells [23, 24] . The following argument is only indirect, but because treatment with omalizumab asymptotically reverses only 20% of the difference in Syk expression between basophils and other leukocytes [20] [21] [22] , it is proposed that there is a post-translational regulatory path altered by omalizumab and a peritranslational or transcriptional regulation independent of omalizumab. It is hypothesized that as a basophil matures in the bone marrow, it experiences 2 distinct processes that ultimately determine the expression of Syk. It is further hypothesized that one of these processes could be described as regulation upstream of Syk protein, a process that is a part of the genetic program that creates a basophil. The second process is speculated to work post-translationally. One example may be exposure of the cell to FceRI aggregation during maturation, a process that in mature cells leads to down-regulation of Syk expression [25] . Treatment of patients with omalizumab may diminish this latter process by preventing the binding of IgE to FceRI, thereby preventing some form of "natural" IgE-mediated aggregation [20] . There are appealing aspects to speculation about a second process, but there remain questions as well, such as whether natural aggregation is sufficiently widespread in the population to account for the distribution of Syk expression.
To move forward in understanding the regulatory role of Syk expression in basophils, it is first necessary to characterize the stability of Syk protein and its mRNA. A published study suggests that Syk protein is highly unstable in basophils [26] , with a calculated T 1/2 of ,15 min (see below). If this were true, then the focus of future efforts to understand Syk regulation in basophils, mast cells, and possibly other leukocytes might be based on an examination of post-translational mechanisms and, in particular, E3 ligases, ubiquitylation, and proteasomal regulation. The published evidence is indirect, however, and not always consistent with this view of instability [25] . The following studies were designed to examine this aspect of the problem. To do so, a context was needed, because absolute levels of synthetic rates are extremely difficult to determine in these cells. The context used was the basophil obtained by IL-3-dependent maturation of CD34 + progenitor cells to a basophil-like cell, where Syk expression is not suppressed to levels observed in mature PBBs [20] .
MATERIALS AND METHODS

Materials, Buffers, and Antibodies
The following were purchased: PIPES, BSA, EGTA, EDTA, D-glucose, NaF, Na 3 VO 4 , 2-ME, and RPMI 1640 containing 25 mM HEPES and L-glutamine (BioWhittaker, Walkersville, MD, USA); Percoll (Pharmacia, Piscataway, NJ, USA); tris(hydroxymethyl)-aminomethane and Tween-20 (Bio-Rad, Hercules, CA, USA); 4D10 anti-human Syk Ab (Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and PAG buffer consisting of 25 mM PIPES, 110 mM NaCl, 5 mM KCl, 0.1% glucose, and 0.003% HSA. PAG-conditioned medium was PAG supplemented with 1 mM CaCl 2 and 1 mM MgCl 2 . Countercurrent elutriation was conducted in PAG containing 0.25% BSA in place of 0.003% HSA (elutriation buffer). Buffers were prepared with RNase-and DNase-free reagents when appropriate for microarray and qPCR studies. ESB (NovexBiotech, Salt Lake City, UT, USA) contained 5% 2-ME. CLB is 20 mM Tris-HCl (pH 7.5), 100 mg/ml aprotinin, 10 mM benzamidine, 1 mM 4-(2-aminoethyl) benzene sulfonyl fluoride hydrochloride, 100 mg/ml leupeptin, 50 mM NaF, 1% Nonidet P-40, and 10% glycerol. ILB is CLB without the protease inhibitors Nonidet P-40, glycerol, or vanadate. For the metabolic labeling studies, in the final protocol, CLB was used without protease inhibitors [benzamidine, 4-(2-aminoethyl) benzene sulfonyl fluoride hydrochloride, leupeptin, and aprotinin].
PBB, PBE, and pDC purification
Basophils were purified from leukophoresis packs or from blood obtained by venipuncture. When used at high purity, they were purified to near homogeneity by sequential application of Percoll gradients, countercurrent elutriation, and negative selection, with the basophil purification kit (StemCell Technologies, Vancouver, BC, Canada) and columns from Miltenyi Biotec (Auburn, CA, USA) [27] . The average purity of these basophils by Alcian blue staining [28] was 99%. The starting viability of these cells was typically .97%. For cells obtained by venipuncture (the protocol was approved by the Johns Hopkins Institutional Review Board), basophils were first enriched on a 2-step Percoll gradient [29] that provides 3 fractions: the top fraction was used to isolate pDCs by positive selection, the middle fraction was used to purify basophils by negative selection (StemSep antibody cocktail for basophils; StemCell Technologies), and the bottom fraction was used to purify eosinophils (anti-CD16 antibody to remove neutrophils) by negative selection. For each cell type, the purity was $99%.
Reaction conditions
Purified basophils were typically cultured in medium consisting of RPMI-1640 supplemented with 8 mg/ml gentamicin and 0.03% RNase-free BSA at 2 3 10 6 cells/ml. Culture periods lasted 2 d in the metabolic labeling studies. After culture, recovery and viability were measured with erythrosin B staining. To extract mRNA for the microarray studies, the purified cells were lysed immediately. RNA was isolated with either the RNeasy or miRNeasy extraction kits (Qiagen, Valencia, CA, USA) according to the manufacturer's directions.
Differentiation of basophils from CD34 + progenitors
Frozen GM-CSF mobilized peripheral blood CD34 + progenitors were purchased from the laboratory of Dr. Shelly Heimfeld, Fred Hutchinson Cancer Research Center (Seattle, WA, USA). After thawing, cells were resuspended at a density of 0.3-0.7 3 10 6 cells/ml in StemPro serum-free medium (Thermo Scientific-Gibco, Grand Island, NY, USA), which contained the provided nutrient supplement, 2 mM L-glutamine, 100 U/ml penicillin, 100 mg/ml streptomycin, and 5 ng/ml recombinant human IL-3 (complete StemPro-34). Cells were kept at 37°C with 5% CO 2 . Cell counts and viability were checked each week by erythrosin B staining, and freshly prepared medium was added so that the total volume was doubled. After 3 wk, the cells were used for metabolic labeling experiments, as described for PBBs.
qPCR for mRNA expression 
Syk mRNA measurements by microarray analysis
Samples (250 ng) were concentrated to a uniform volume for analysis using the human HT12v4 microarray (Illumina, San Diego, CA, USA). This study will report only the results from these microarrays, which were part of another study performed in this laboratory [31] , that pertained to Syk mRNA expression. That study showed that microarray results closely parallel qPCR results for Syk and other species. To normalize the readings between microarray slides, the samples were grouped. Group 1 consisted of PBBs, PBEs, and pDCs from the same subject preparation, which were run on the same microarray slide. In this way, mRNA results were expressed as relative to the PBBs, which allowed averaging across 5 subjects. On separate slides, PBBs, with or without 24 h of IL-3 treatment, and CD34B preparations were run together, with the results again compared with levels in PBBs. The data from the different data sets were then joined for a comparison of the 5 cell types (PBBs6IL3, CD34Bs, PBEs, pDC, with PBBs acting as the common element for different microarray slides). In addition, the data were normalized for the number of cells obtained before mRNA extraction and after accounting for the total RNA isolated and the fraction used to input 250 ng into the microarray analysis. miRNA from the same samples was analyzed by the Exiqon miRCURY-LNA-microRNA array by the Johns Hopkins University Genomics Core. The results were normalized by finding the average of spot intensities for each experiment and using these values to normalize the individual spot values for interexperiment data.
Metabolic labeling
Cells ( (32)] were examined, and Syk was found to be synthesized at rates up to 100-fold faster than PBBs (see below), and there was a measurable loss of Syk during the chase period. These pilot studies established that the procedure could detect loss of Syk in this design.
Western blot analysis
For immunoprecipitation, cell pellets were lysed in CLB by vortexing and incubating on ice for 10 min. The lysates were then centrifuged for 3 min at 16,000 g and precleared with protein G Sepharose beads for 30 min at 4°C. The clarified lysates were incubated with antibodies (Syk or SH2 domaincontaining inositol 5-phosphatase-1) prebound to protein G-Sepharose beads (1-5 mg antibody/20 ml beads) for 1 h at 4°C. The beads were washed 3 times, and the immunoprecipitated proteins were eluted by boiling for 5 min in ESB. Samples were run in an 8% Tris-glycine gel-coated 15-well plate with molecular weight markers with transblotting to nitrocellulose membranes. Nitrocellulose membranes were first analyzed by autoradiography, and then the membranes were exposed to high-performance autoradiography film (GE Life Sciences, Pittsburgh, PA, USA) with intensifying screens (Eastman Kodak, Rochester, NY, USA) at 280°C for 24-100 h. Samples of CD34Bs and PBBs were always run in pairs when the experiment was the pulse component alone. For the pulse-chase design, CD34Bs were not analyzed. After radiography, the membranes were blotted with 4D10 to detect Syk.
miR-150 transfection of HEK cells
HEK-293 cells (American Type Culture Collection, Manassas, VA, USA) were grown to confluence in DMEM containing 10% heat-inactivated FCS and penicillin/streptomycin (and supplemented with Glutamax; Thermo Scientific-Gibco). After the cells were dissociated and counted (with viability), they were resuspended in Opti-MEM reduced-serum medium (with no antibiotics; Thermo Scientific-Gibco); 8 3 10 4 viable cells per well were placed into a 12-well culture plate that had been pretreated with mirVana iRNA (Thermo Scientific-Ambion, Austin, TX, USA) stabilized mimic as a negative control sequence or with miR-1 or miR-150 sequences (as designed by the manufacturer) according to the manufacturer's guidelines, using 90 picomoles of miRNA reagent per well and 3.5% (final) siPORT NeoFx transfection reagent (Thermo Fisher-Ambion). These reagents were mixed according the manufacturer's guidelines and diluted in Opti-MEM). The cells were cultured for 24 or 42 h, but for the 42 h time point, an equal volume of DMEM with 10% FCS was added at the 24 h time point. For the measurement of mRNA, the medium in the well was transferred to a tube for centrifugation of nonadherent cells, Qiazol reagent (Qiagen) was added to the well to lyse cells, and the same Qiazol reagent was transferred to the centrifuged cell pellet, to capture all cells associated with a given well. (This approach was used because it was not clear a priori whether treatment would lead to weaker adherence of HEK cells.) After extraction with the miRNeasy extraction reagents, the RNA was quantified by Ribogreen assay (ThermoFisher Scientific, Waltham, MA, USA), and equal RNA content was used in an initial RT step followed by qPCR. In some experiments, the cells were harvested from the well by dissociation with 4 mM EDTA-DMEM, counted, and pelleted for lysis with 13 ESB for analysis by Western blot.
Statistics
For most of these studies, paired analysis was possible due to the nature of the experimental design. Figures show error bars for SEM. In some cases, statistics were performed on log-transformed results. Where necessary, ANOVA with Tukey posthoc analysis was used to isolate differences in unique categorical comparisons.
RESULTS
Protein stability
The published literature provides conflicting viewpoints on the stability of Syk protein in human basophils, although previous studies have only indirectly investigated the issue. Studies from this laboratory using cycloheximide to block synthesis suggested that Syk protein is very stable [25] , whereas Youssef et al. [26] , using proteasomal inhibitors, suggested that it is highly unstable. To resolve the question, basophils were metabolically labeled with [ 35 S]Met to label Syk protein in a pulse-chase experimental design. Because these studies compared mature PBBs with CD34Bs and metabolic labeling required culture of PBBs, it was important to normalize conditions. CD34Bs are produced by culture in IL-3-containing medium, and IL-3 is necessary to sustain PBBs in culture. Therefore, both cell types could be compared, with IL-3 being shared in both experimental conditions. Because IL-3 is known to significantly modify PBB behavior, it is relevant to note that studies have shown that IL-3 increases Syk protein expression only a modest 1.35-fold [16] . The experimental design was to stabilize the PBBs in IL-3 for 24 h before the addition of [ However, in the current study there were molecules that were highly labeled in basophils whose migration on gel electrophoresis was only slightly slower than p72Syk (Fig. 1A) . The intensity of labeling and its proximity to Syk confounds measurement of changes in [ 35 S] Metlabeled Syk. It was found that this molecule probably bound to the carbohydrate moieties of the Sepharose used to perform the IP (data not shown) and was therefore present, whether or not 4D10 was used for IP (even if additional preclearing steps were used). It should also be noted that there are no radiographic bands without [ (Fig. 1B) . Figure 2 shows the chase results of the pulse-chase experiments. During a 4 h incubation in the chase portion of the experiment (4 h was chosen to minimize the off-target effects of lactacystin A), there was no discernible decrease in the presence of [
35 S]Met-labeled Syk. This finding was true in the autoradiographs and the Western blot for total Syk levels. Lactacystin was also included in the protocol. This proteasome inhibitor had somewhat less influence on the general viability of PBBs than did other proteasomal inhibitors, and the concentration chosen was based on pilot studies of this class of inhibitors ( Table 1) . Its presence did not alter the decay rate of Syk (as would be expected if there were no decay). The pulse phase of the experiment could be used to estimate the relative synthetic rate of Syk in CD34Bs and PBBs, with the caveats that there was not significant degradation and that the specific activity of the [
35 S] Met in the cells were similar. Figure 3 shows an example radiograph and Western blots; Fig. 3B shows the average level of incorporation (normalized to cell number equivalency). PBBs incorporated 10-fold less [ 35 S]Met into Syk than did CD34Bs during an 18 h culture. These results indicate that Syk is a very stable protein in PBB and that the rate of Syk synthesis is probably 10-fold slower in PBBs than in CD34Bs, a result consistent with steady-state levels of Syk in the 2 cell types.
mRNA stability
In preliminary experiments, mRNA levels were compared in CD34Bs, PBBs, PBEs, and pDCs. These cells were chosen for comparison because they represent various extremes in the continuum of Syk expression in leukocytes [20] . There are anecdotal reports that, during the maturation of CD34 cells in IL-3, early-culture cell phenotypes resemble eosinophils, and in humans, the lineage of basophils probably more closely aligns with eosinophils than with mast cells or other granulocytes [33] [34] [35] [36] . Therefore, is it interesting that CD34 progenitors, CD34Bs, and eosinophils have nearly identical levels of Syk protein [20] . At one extreme of the continuum are PBBs, with very low levels of Syk, and at the other extreme are pDCs, with 3 times the level of Syk as found in PBEs [20] . Under somewhat different conditions, Syk mRNA levels were compared between CD34Bs and PBBs [20] . In the current study, the results include the additional cell types as well as PBBs cultured with IL-3, to normalize the PBB and CD34B comparison. Figure 4 shows that there is a rough concordance in the levels of Syk mRNA in the 4 cell types and the level of Syk protein (abstracted from a previous study [20] ), suggesting that control of Syk synthesis occurs at the level of Syk mRNA expression.
The steady-state level of Syk mRNA in PBBs may be the result of the highly unstable nature of the species. To provide a context for understanding the significance of a particular level of stability for Syk mRNA, a comparison was made to 3 additional mRNAs, 2 of which have been examined in another study [37] , although under slightly different conditions. IL-4 mRNA could be considered a transient species, given that it is part of the transient mediator release profile of PBBs during IgE-mediated stimulation. Its stability could therefore represent one end of the spectrum. The stability of 2 of the subunits of FceRI was also examined to provide context, although, a priori, there were no outright expectations for the b subunit. To determine mRNA stability, the level of mRNA for each species was examined during culture of the cells in actinomycin D-containing medium. In preliminary studies, it was found that actinomycin D introduces instability into PBB viability if the cells were not cultured first in IL-3 to stabilize apoptosis. Therefore, the protocol was to culture the cells in IL-3 for 4 h, introduce actinomycin D, and lyse the cells at different times after its introduction. Unlike previous studies conducted in this laboratory, in these studies, the unstimulated (resting) level of IL-4 mRNA was examined. Likewise, the IL-3 step was not part of the prior study of FceRIa. The decay of FceRIb mRNA was found to be slow, and the measurement time was therefore extended to 15 h for this species. 
miRNA in CD34Bs and PBBs
The intermediate stability of Syk mRNA and its low level of expression in basophils suggests that there are peritranslational influences that prevent translation or induce degradation of Syk mRNA or that regulation is imposed at the level of transcription. Regulatory RNAs such as miRNA are one means of influencing the levels of mRNA but the number of possible miRNAs to examine is large. An in silico analysis using various web-based tools (e.g., TargetScanHuman; available at http://www.targetscan.org/) have not been revealing; there is no known miRNA that has been shown to influence Syk mRNA translation or stability, nor is there an miRNA calculated from sequence information. To assist in guiding a study of miRNAs that might be involved in regulating Syk mRNA, CD34B and PBB miRNA expression profiles were compared. As this laboratory recently published, PBBs appear to express ;160 miRNAs measurable by microarray [31] . Table 2 is a compilation of the miRNA differences when comparing PBBs (n = 5) with CD34Bs (n = 2). (Note: a third CD34B was analyzed but the method involved an older array chip, and whereas the results were similar in pattern, the numerical values were not readily normalized with the newer array chip used for the remaining experiments; see Supplemental Table 1 for further details of these experiments.) The results for the PBBs were reasonably consistent, whereas the results for CD34Bs could be highly variable. Table 2 shows differences .2.5-fold in either direction for normalized and nonnormalized results. The amount of variance limited interpretation of the ratios observed, and there was often considerable overlap between CD34Bs and PBBs. With this consideration, there were ;10 changes that appeared readily separable, but microarrays for analyzing miRNA expression profiles are not as quantitatively rigorous as mRNA arrays, and, for differences that appeared potentially significant in the miRNA microarray results, the comparisons were re-evaluated by qPCR of the same samples, for 6 different miRNAs. Table 3 shows that for microarray differences that were less than ;10-fold, qPCR indicated that the microarray results were not valid. If this spot check is valid, the results for the microarray studies could be reduced to only 5 candidates, based on the magnitude of the change (4 decreases and 1 increase). The most interesting of these differences was miR-150: (1) the extreme difference between CD34Bs and PBBs; (2) an increase in expression in PBBs, a direction of change consistent with a potential direct effect on Syk mRNA stability; and (3) its loosely consistent expression levels vs. Syk expression in eosinophils and pDCs For the last point, PBBs, PBEs, and pDCs were 77-fold (95% CI, 56-105 fold), 13-fold (95% CI, 10-19-fold), and 3-fold (95% CI, 2.1-3.5-fold) greater than CD34Bs (Fig. 4C) . The miR-1225-5p changes were also replicated with qPCR and differ when comparing PBBs with eosinophils and pDCs (PBBs, PBEs, and pDCs were 0.02-, 1.22-, and 1.02-fold, respectively, relative to CD34Bs). Because miR-1225-5p decreases in PBBs, however, the effect would be expected to be indirect (e.g., down-modulating a protein that up-regulates Syk). For the remaining 4 species in Table 3 , there were no differences in PBBs, PBEs, and pDCs-that is, they showed no pattern consistent with Syk expression levels, in contrast to the pattern shown in Fig. 4C .
Although the effect of IL-3 on Syk protein is modest (1.35-fold), it induces larger changes (3.7-fold) in Syk mRNA [31] . In this context, it is worth noting that the effect of IL-3 on miR-150 was equivocal. The microarray results suggested a slight decrease in miR-150 after 1 d of IL-3 treatment (10 ng/ml) of PBBs (data not shown), but qPCR showed a log-fold increase in miR-150 that was 0.61 6 0.225 (n = 5; P = 0.0528; 1.52-fold), and after 3 d of IL-3 treatment, a log-fold increase of 1.06 6 0.525 (n = 3; P = 0.18; 2.08-fold)-that is, there was no evidence of a decrease in miR-150. Stimulation with anti-IgE Ab is not known to alter Syk mRNA levels, and the alteration of miR-150 was not Basophils were cultured in medium + 10 ng/ml IL-3 for 24 h, with or without the drugs shown. MG-132 was at 5 mM, proteasome inhibitor I at 5 mM, lactacystin A at 40 mM, and bafilomycin A at 200 nM. Viability was determined with erythrosin B staining. statistically significant (log-fold change of 20.45 6 0.263; n = 4; P = 0.22).
There is no indication in the literature or by in silico matching that miR-150 binds to Syk mRNA. To directly test this possibility, HEK cells were used as a test bed for transfection of miR-150 (attempts were made with the basophil-like cell line KU812F, but these cells did not transfect well). In pilot studies (not shown) HEK cells were demonstrated to express Syk at concentrations only somewhat greater than that in basophils (Syk levels were 7-fold greater on a per cell basis, but the cells were 10 times the volume of basophils). Additional pilot studies demonstrated that transfection of positive control miRNA (miR-1) that modulates TWF1 protein was shown to down-regulate TWF1 mRNA by ;50% (0.52 6 0.07-fold; n = 3; P = 0.02) (Fig. 4D) , indicating that the cell line can be transfected with a stabilized miRNA that results in a measurable change in its target mRNA. The miR-150 sequence has been shown to induce down-regulation of c-Myb [38] ; therefore, in addition to measuring Syk mRNA, the same samples were examined for Myb mRNA by qPCR. In 3 experiments (which included 2 time points, 24 and 42 h after transfection), miR-150 (compared to a scrambled miRNA) induced a modest down-regulation of Myb mRNA of 0.62-fold (95% CI; 0.58-0.65; P = 0.003), while showing no change in Syk mRNA (1.14-fold; 95% CI, 0.96-1.35) (Fig. 4D) . There was no significant difference between the 24 and 42 h time points, although the average decrease at 42 h was 0.42-fold for c-Myb and 1.20-fold for Syk. There was an indirect indication that the down-regulation of c-Myb (or other unmeasured proteins) resulted in slower growth of the HEK cells; the total RNA isolated from the miR-150-treated 24 h cultures was equal, but by 42 h, it was 0.86-fold less than scrambled miR (note also that for the qPCR measurements, an equal amount of total RNA was added to reactions, normalizing for the difference in total input RNA). In 2 experiments, Syk protein was also measured at the 24 h time point and found to be unchanged in the miR-150-treated cells (0.97 6 0.08-fold).
DISCUSSION
In previous reports, the stability of Syk protein in freshly isolated PBBs has been inferred from experiments that could be considered indirect. Youssef et al. [26] suggested that it was highly unstable, based on an increase (10-40-fold) in Syk expression observed during culture of basophils with proteasomal inhibitors. The inference was drawn from these experiments under the assumption that the only effect of a proteasome inhibitor would be the accumulation of proteins unable to complete degradation through the proteasome. There were two concerns about this interpretation. First, the experience in this laboratory with proteasomal inhibitors shows that, when Syk degradation is altered during IgE-mediated down-regulation of Syk, proteasomal inhibitors do not affect the p72Syk band but do affect the presence of the ubiquitinylated species of Syk (.p72), as one would expect for not inhibiting ubiquitinylation but inhibiting the processing of ubiquitinylated species by the proteasome [25] . Studies in the author's laboratory also have found that proteasomal inhibitors have a variety of nonspecific effects on PBBs that culminate in death, so that concentrations of the inhibitors have to be chosen to limit collateral behaviors. With careful choice, some proteasomal inhibitors have no effect on Syk levels. Second, the degradation rate of Syk that could be inferred from the study by Youssef et al. [26] would be so fast that the normal steady-state would have to be the result of a very fast rate of synthesis, replacing the steady-state level of Syk with an equivalent amount of Syk every 15 min (and therefore losing an equivalent amount every 15 min). Our own results found that inclusion of cycloheximide to prevent synthesis of Syk had no effect on the steady-state level of Syk [25] . If the results found by Youssef et al. were taken at face value, it should have been obvious that Syk was being lost rapidly in the presence of cycloheximide. The current study supports previous indirect results obtained in this Values are the average fold change for PBB/CD34B total RNA normalized levels, as determined by microarray or qPCR. The average ratios result from PBBs (n = 4) and CD34Bs (n = 3). However, studies using cycloheximide are consistent with the results of this study, and they were not performed with IL-3. The stability of Syk protein is consistent with a slow synthetic rate and therefore low steady-state levels. In addition, the slow synthetic rate is consistent with low steady-state levels of mRNA. Recent studies have shown that steady-state levels of mRNA are only loosely concordant with protein levels, so that there is no strong a priori expectation for this concordance between Syk protein and Syk mRNA among the cell types studied [39] . Because the rough concordance occurs and a weak correlation has also been found between Syk mRNA and Syk protein when comparing different subjects' basophils (R 2 = 0.25) [17] , the results suggest that average Syk protein expression is largely under the control of steady-state levels of Syk mRNA. It should be stressed that the average low Syk expression of basophils may be under the control of Syk mRNA levels but that the large variance (variance limited to the range of 0-20% of the Syk levels observed in CD34 progenitors or CD34B) around this average could still result from post-translational processes.
If Syk mRNA were highly stable, one might extrapolate that Syk mRNA levels were therefore under the control of Syk gene transcription. However, the results suggest that Syk mRNA shows an intermediate level of stability raising the possibility of peritranslational control as an explanation for low steady-state Syk mRNA levels in basophils. In addition, some peritranslational control mechanisms, like miRNA-dependent regulation, do not always alter stability but simply inhibit translation. Also, the relative stability of Syk mRNA was determined in the presence of IL-3, and previous studies of ours suggested that it was somewhat less stable in the absence of IL-3 [20] . Although it was not explicitly addressed in the methods and results, the overall design of these studies was derived from initial experience measuring the decay rate of the FceRIb subunit mRNA. Studies have shown that IL-3 increases expression of FceRIb mRNA [40] , and this can confound attempts to assess decay rates. Therefore, the protocol requires stabilization/ preconditioning of cells in IL-3 before making the measurement. In addition, it is sometimes observed that using actinomycin D without IL-3 can alter mRNA decay studies. Studies of FceRIb mRNA without IL-3 preconditioning are difficult because mRNA levels are very low, but results suggest that decay is somewhat faster, the opposite of the historical difference for Syk mRNA decay measurements. But the effects are variable among mRNAs and there is no hard-and-fast rule. We have speculated that combining the dynamics of apoptosis with measurements like these can be problematic. There are several other indicators that suggest that simple isolation of basophils (or other polymorphonuclear cells) leads to a variety of changes that can confound mechanistic studies [31, 40] . It was with these concerns in mind, as well as attempting to equalize the conditions of CD34 culture with PBB culture, that the studies were performed with cells that were first exposed to IL-3 for extended periods. It cannot be excluded that use of IL-3 alters cellular dynamics in ways that poorly reflect conditions in vivo.
To address the possibility that Syk mRNA was made unstable by a miRNA species, a survey was conducted to identify the miRNA species that are expressed in PBBs vs. CD34Bs. Studies of miRNAs are complicated by the inability to work backward accurately from the known sequence of an mRNA to the miRNA that regulates its stability or translation. There are several in silico methods available to attempt this calculation, but by and large, the best information is dependent on experimental observations. It is interesting that the in silico algorithms find no significant matches for Syk with known miRNAs (and not with any of those shown in Table 2 ). Therefore, the approach taken was to compare miRNA expression profiles for CD34-derived basophils vs. PBBs, reasoning that the large difference in Syk expression in the 2 otherwise similar cell types may provide guidance for which miRNA species to examine. The microarray methods for miRNAs are not as quantitatively robust as for mRNAs, and so the results for this comparison were re-examined by qPCR for some of the species showing the greatest difference between CD34Bs and PBBs. This added step winnowed the choices considerably and left only 1 species showing significant up-regulation in PBBs. There were a couple of down-regulated species, but for these to explain the differences in Syk expression, their influence would have to be indirect, and determining these differences was considered a difficult path of study. A future study of these differences may be warranted. In addition, the targets for the few down-regulated species are largely unknown. The one large positive difference was for miR-150 and its expression pattern was loosely concordant with Syk expression in the cell types shown in Fig. 4 . This kind of pattern was not observed for the other species shown in Table 3 . However, although transfection of HEK cells with a stabilized version of miR-150 resulted in a previously described effect on c-Myb, there was no effect on either Syk mRNA or protein. Therefore, at this time, there are no indications, either from in silico predictions in general or from experimental observations for the only miRNA species showing a significant change between CD34Bs and PBBs, for a miRNA species that modulates Syk expression at the peritranslational stage of Syk generation. However, these studies did uncover several significant differences in miRNA species that differentiate CD34Bs from mature PBBs, but further study is necessary to determine the functional significance of these differences.
Therefore, conclusions regarding the most relevant points of control are restricted to noting that steady-state regulation does not occur at the level of protein turnover, but is likely related to regulation of steady-state Syk mRNA levels and that the absence of evidence for an miRNA to regulate Syk mRNA suggests that regulation occurs at the transcriptional level. AUTHORSHIP D.M .designed, performed the studies, and wrote the manuscript.
